Abstract: Endobronchial ultrasound has become the first choice standard of care procedure to diagnose benign or malignant lesions involving mediastinum and lung parenchyma adjacent to the airways owing to its characteristics of being real-time and minimally invasive. Although the incidence of lung cancer has been decreasing, it is and will be the leading cause of cancerrelated mortality in the next few decades. When compared to other cancers, lung cancer kills more females than breast and colon cancers combined and more males than colon and prostate cancers combined. The type of lung cancer has changed in recent decades and adenocarcinoma has become the most frequent cell type. Prognosis of lung cancer depends upon the cell type and the staging at the time of diagnosis. The cell type and molecular characteristics of adenocarcinoma may allow individualized targeted treatment. Other malignant conditions in the mediastinum and lung (eg, metastatic lung cancers and lymphoma) can be biopsied using endobronchial ultrasound needles. Endobronchial ultrasound needle biopsies provides mostly cytology specimens due to its small sizes of needles (22 gauge or larger) which may not give enough tissue to make a definitive diagnosis in malignant (eg, lymphoma) or benign conditions (eg, sarcoidosis). EchoTip ProCore endobronchial needle released in early 2014 provides histologic biopsy material. Larger tissue biopsies may potentially provide a higher diagnostic yield and it eliminates mediastinoscopy or other surgical interventions. Here we aim to review bronchoscopic approach in the diagnosis of mediastinal lesions with emphasis of EchoTip ProCore needles.
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Dincer et al A hybrid EBUS bronchoscope (H-EBUS, Fujifilm, Valhalla, NY, USA) has recently been marketed. H-EBUS has characteristics of a smaller outer diameter of 6.7 mm, only 10-degree of oblique view and 130-degree of flexion. 1 Not surprisingly, H-EBUS bronchoscope revealed a better airway examination to the level of segmental bronchus as compared to CP-EBUS and revealed potential to obviate the need of a conventional bronchoscope. 2 A prototype of a thinner EBUS (BF-Y0046, Olympus, Olympus America, Inc., Center Valley, PA, USA) bronchoscope (outer diameter of 5.9 mm) has been introduced aiming to reach more distal into the bronchial tree, including the ability to access upper lobes, and an improved flexion angle of 170 degrees. 3 Currently, there are three different needle types manufactured by device companies.
ViziShot aspiration needles (Olympus America, Inc., Center Valley, PA, USA) are available in two different sizes; 21 gauge (NA-201SX-4021) and 22 gauge (NA-201SX-4022). These needles provide cytology samples and are designed to be used for Olympus EBUS bronchoscopes.
SonoTip EBUS Pro and Pro Flex needles (Medi Globe, Achenmuhle, Germany) feature the needle comprising nitinol to avoid a permanent bend or kink. The size of needles is 22 gauge with length outside the plastic sheath of 0-4 cm, similar to ViziShot needles. SonoTip needles are compatible with Olympus, Fujifilm, and Pentax EBUS (Pentax Medical, Montvale, New Jersey, USA) bronchoscopes.
EchoTip ProCore HD (High Definition, Cook Endoscopy Inc., Limerick, Ireland) needles are available in different sizes including 22 and 25 gauge with an adjustable needle extension up to 5 cm. These needles are compatible with Olympus and Pentax EBUS bronchoscopes and designed with core trap close to the tip of the needle that receives the tissue sample while getting fine-needle aspiration (FNA) through the needle tip ( Figure 1 ). This is thought to collect core biopsy for histologic evaluation as opposed to only cytological material with other needles. Moreover, 25 gauge EctoTip ProCore needle is claimed to be 33% more flexible by the manufacturer than a conventional 22 gauge needle that will allow more accessibility within the lung or mediastinum.
When to use endobronchial ultrasound
Endobronchial ultrasound-transbronchial needle aspiration (EBUS-TBNA) is indicated to sample the mediastinal, hilar lymph nodes and masses, as well as the centrally located lesions adjacent to the airways (Tables 1 and 2 ). 4 EBUS sampling of mediastinal lymph nodes has become standard of care for the staging of non-small cell lung cancer (NSCLC). In select patients NSCLC, accurate restaging of the mediastinum after induction therapy is crucial in determining prognosis and subsequent treatment. Imaging studies, such as computed tomography (CT) and positron emission tomography (PET) scans; require tissue sampling to confirm the accuracy of mediastinal restaging. As in the initial staging of the mediastinum, minimally invasive endosonographyguided needle sampling techniques such as endobronchial ultrasound-guided fine-needle aspiration (EBUS-TBNA) and endoscopic ultrasound-guided fine-needle aspiration 
Lung cancer staging and restaging
TNM classification of NSCLC determines the prognosis and directs the therapeutic options. Mediastinal staging is the necessary step to identify the involvement of mediastinum. There are noninvasive and invasive methods to stage the mediastinum, however, the least invasive method that can make the diagnosis and staging in same setting is preferred.
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Noninvasive methods include imaging studies. Among those, CT scan has limited value by itself and can only stage 50% of the cancer patients, with 25% of over staged (false positive) and remainder under staged (false negative). 6, 7 On the other hand, PET scan is more accurate than CT scan in detecting mediastinal involvement with the advantage of showing extrapulmonary metastasis. PET scan in detecting NSCLC has a sensitivity of 84%, with an excellent negative predictive value of 0.93 and specificity of 89% and a positive predictive value of 0.79. [8] [9] [10] When PET and CT scans are combined (PET/CT fusion study) the diagnostic yield is better than either of them used alone in detecting the tumor size and location, nodal involvement, and distant metastasis. 11, 12 Drawback of PET scanning is false positivity that requires histologic verification for PET avid lesions in appropriate clinical setting. Therefore, the old adage "tissue is the issue" is still valid. Methods to obtain tissue samples include: conventional bronchoscopy with TBNA, EBUS-TBNA, EUS-FNA, CT-guided transthoracic needle aspiration, mediastinoscopy, and video-assisted thoracoscopic surgery. While transthoracic needle aspiration has no value when sampling the mediastinum, it can be the first choice of diagnostic procedure due to its very high yield approaching to 90%-95% for peripheral lung lesions without mediastinal lymph node enlargement in benign or malignant conditions. 13 EBUS-TBNA is superior to conventional TBNA due to its real-time imaging capability when diagnosing mediastinal lesions other than station 7. EBUS-TBNA is also found to be superior to CT and PET scanning with sensitivity (92.3% vs 76.9% and 80%, respectively), specificity (100% vs 55% and 70%, respectively), and accuracy (98% vs 61% and 73%, respectively) in lung cancer patients. 14 Restaging mediastinum after induction treatment is important to determine further treatment options. Although mediastinocopy is considered gold standard for mediastinal restaging, less invasive methods such as EBUS, EUS, or combination can be the initial method. 15 
Diagnostic value of EBUS sampling in benign disease and lymphoma
EBUS-TBNA is demonstrated to be an excellent diagnostic procedure in benign diseases such as sarcoidosis and tuberculosis. Recent studies have found diagnostic yield of EBUS-TBNA as 78% in sarcoidosis. 16 Other studies even reported higher sensitivity (85%-93%) in patients with lymph node .1 cm in diameter and if a CT scan is available before EBUS-TBNA sampling. 17, 18 Diagnosis of lymphoma, especially in certain types, requires larger biopsies and specific handling. Presence of on-site cytological evaluation may be helpful and prompt bronchoscopist to obtain more tissue when there is suspicion of lymphoproliferative disease. Core biopsy, in this situation, can be very useful to provide more tissue with less number of biopsy passes with the potential benefit of less procedure time, complication, and sedation use. Diagnostic yield of EBUS-TBNA in lymphoma has been reported as 60%-90%. 19, 20 What are the limitations and contraindications of EBUS?
Limitations of EBUS are threefold: 1) Technical difficulties such as thorough airway examination due to oblique view, inability to access some lymph node stations (no access to stations 5, 6 , and difficulty to access stations 8 and 9 via esophagus); 2) operator-related requirements such as time and training; and 3) false negative or false positive results requiring surgical intervention for confirmation. 
including life-threatening arrhythmias, decompensated heart failure, compromised upper airway, and uncooperative or unwilling patient. 21 Bleeding risk due to antiplatelet or anticoagulation treatments, severe thrombocytopenia, and elevated blood urea nitrogen and creatinine levels can also be prohibitive for EBUS sampling. While needle lung or lymph node biopsies are considered safe on aspirin, it is recommended to hold Coumadin (3-4 days), unfractionated heparin (4-6 hours), low-molecular-weight heparin (12 hours), and antithrombin treatment (2 days).
It is also recommended to postpone EBUS after a myocardial infarction (at least 6 weeks), in the presence of ongoing myocardial ischemia, arrhythmia, or severe hypoxemia at rest.
Benign versus malignant ultrasonographic characteristics of lymph nodes
Several ultrasonographic findings of mediastinal lymph nodes have reported to be suggesting malignancy. Definition is an abnormal mediastinal lymph node is either short axis larger than 1 cm or PET positivity. 12 However, both smaller lymph nodes (,1 cm) and nodes without PET activity can be positive for malignancy. 22, 23 Therefore, it is the common practice to sample lymph nodes measuring 5-10 mm in situations where clinical suspicion of cancer is high.
Besides the diameter, other proposed EBUS characteristics of lymph nodes suggesting malignancy are distinct round margins, heterogeneous and hyperechogenity, coagulation necrosis, and absence of central hilar structures.
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Value of rapid on-site evaluation on endobronchial ultrasound
Rapid on-site evaluation (ROSE) offers several advantages and allows bronchoscopist to make or change plan during the procedure on the basis of the immediate findings.
Although ROSE has not provided an increase in diagnostic yield in EBUS-TBNA procedures, it was found to be cost-effective, shorten the procedure time, lessen the sedation medication use and potential to decrease the complication rates.
It also allows physicians to obtain more tissue for molecular studies or flow cytometry if the initial evaluation is suspicious for adenocarcinoma or lymphoma.
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How to handle EBUS-TBNA specimens
In the era of individualized and targeted treatment of lung cancer (eg, adenocarcinoma), EBUS-TBNA sampling is the least invasive way to obtain enough tissue for a definitive diagnosis, and further molecular studies such as gene alterations and mutations are conducted to determine whether the tyrosine kinase inhibitors are an option or not. 28, 29 There are some variations in tissue handling among different institutions. Cytological specimens are usually prepared on air-dried slides or slides fixed in 95% alcohol for Giemsa, Diff-Quick, or Papanicolaou staining. Further testing are as follows; sample is collected in saline for culture, in 10% formalin for cell block, DNA/RNA analysis, immunohistochemistry and fluorescence in situ hybridization, and in Roswell Park Memorial Institute medium for flow cytometry.
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Role of aspiration during EBUS-TBNA
EBUS-TBNA needles are designed with stylet that blocks the hollow of the needle to collect bronchial mucosa and wall structures during needle insertion into a lymph node or a mass. After the needle is inserted into the target lesion, the stylet is usually withdrawn and suction is applied while the needle moved back and forth in the lesion. A prospective randomized trial found no difference in sample adequacy and diagnostic yield when compared to suction and no suction during TBNA sampling of 192 lymph nodes. 31 Although there is no obvious benefit of suctioning it is customary to use suction unless the lesion is vascular. In our practice, we do not use suction if the first aspiration appears to be bloody. One potential problem in suctioning vascular lesions is diluting the specimen.
Needle types, sizes, and number of passes
Currently, there are three commercially available EBUS needles: ViziShot (Olympus), SonoTip (Medi Globe), and EchoTip ProCore needles (Cook Medical, Cook Medical Inc., Bloomington, IN, USA). EchoTip ProCore designed to provide core biopsy for histologic sampling compared to others with sizes of 21 or 22 gauge, obtains only cytologic specimens. Cytology versus histology is important when diagnosing diseases that require higher cell count or larger tissue such as certain types of lymphoma (Hodgkin's disease, mantle cell, Burkitt's or large cell), adenocarcinoma 
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A new needle on the block or sarcoidosis. There are no prospective comparative studies between EchoTip ProCore versus other needles in diagnosis of pulmonary diseases. One prospective study is, however, underway, which compares 22 gauge ProCore needle with a standard 22 gauge needle. 32 Desai et al 33 used 22 gauge EchoTip ProCore needle in 17 patients to sample station 7 (50% of patients), station 11 (33%), and station 12 (17%). Diagnosis was achieved in 89% of patients; sarcoidosis in 12/16 patients and malignancy in 4/16 patients. This is similar to EBUS sensitivity and accuracy, 91% and 92%, respectively. 34 In another retrospective study, Zambon et al 35 A retrospective study compared ViziShot 22 gauge needle with SonoTip Pro and found higher diagnostic yield with SonoTip needle (74% vs 61%, P=0.0035).
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A 22 gauge EchoTip ProCore needle is directly compared with a standard 22 gauge needle during endoscopic ultrasound with similar cellblock material, adequacy, accuracy of diagnosis, and complication rates. There was, however, a statistically significant trend toward fewer passes with the ProCore needle. 37 The number of passes required for an optimal diagnostic accuracy has been studied. Lee et al 38 reported a 100% diagnostic accuracy at third pass, without ROSE. They noted no further increase in sensitivity on further biopsy passes and concluded that three passes were enough. In another study, Trisolini et al 39 showed availability of ROSE could decrease the number of biopsies needed to establish a diagnosis.
A 22 gauge needle is typically used for EBUS-TBNA sampling. A prospective study comparing 22 gauge needle to 21 gauge needle revealed no change in diagnostic yield in cancer although number of cancer cells and more preserved histologic specimens were obtained with 21 gauge needle.
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Differences between EBUS needles
Although there are no prospective comparative studies showing superiority of one needle to another, each needle was designed to improve diagnostic yield. SonoTip EBUS needles comprising nitinol (nickel and titanium alloy) that creates resistance to permanent bends and kinks when the needle advanced to curved or angulated positions. This also helps the needle to stay straight for repeated passes. SonoTip needles have also a design of twist-lock technology for precise sheath and needle length adjustments. Most experienced bronchoscopists do not necessarily use the length adjustment, however, it might be imperative for new learners. When a ViziShot needle is used in multiple samplings or in a hard, fibrous lymph nodes, it potentially can bend or kink. Nitinol comprised needle may have theoretical advantage in those situations. EchoTip ProCore needles designed to collect cytology and histology (core biopsy) specimens at the needle tip as well as the reverse-beveled side of the needle, respectively. The needle surface is dimpled to create high definition ultrasound image. Core tissue samples with 22 and 25 gauge EchoTip needles will probably allow practitioners to fewer passes and there is also less need to consider surgical sampling.
Mediastinal lymph node sampling with miniforceps and needle forceps
Despite larger sizes of EBUS needles and their design to provide core tissue, the amount of tissue that recovered from needle aspirates can be limited or found insufficient by the pathologist. Miniforceps combining EBUS has been utilized in order to obtain larger biopsy specimens. 41, 42 Chrissian et al 43 demonstrated safety and effectiveness of EBUS-guided miniforceps (1 mm miniforceps) biopsies for sampling of mediastinal and hilar lymph node enlargements. In this prospective study, the diagnostic yield of EBUS-TBNA and EBUS-guided miniforceps were 81% and 91%, respectively, in patients with low likelihood of NSCLC. Neither complication rates nor procedure duration was significantly different.
More recently, EBUS-guided needle forceps were introduced. Similar to EBUS needles, the needle forceps is protected by a plastic sheath (external diameter, 1.5 mm; length, 1,020 nm) while it is advanced through the working channel. After the needle punctured through the bronchial wall into the lymph node, the forceps with serrated jaws is opened in the lymph node to obtain tissue. In a pilot study, the histologic diagnosis was achieved in 86% of the patients with benign or malignant conditions. 44 Similarly, Darwiche et al 45 sampled mediastinal and hilar lymph nodes with EBUS-guided needle forceps. They compared needle forceps biopsies to EBUS-TBNA and the combination of both techniques. EBUS-guided needle 
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Dincer et al forceps sampling increased the diagnostic yield of EBUS-TBNA from 64% to 93% in benign conditions.
Conclusion
EBUS-guided TBNA is now the preferred first method to sample enlarged mediastinal or hilar lymph nodes in benign and malignant conditions. While cytological needle sampling provides high diagnostic yield, the tissue obtained with needle aspirations may not be sufficient. In order to overcome the potential low diagnostic yield of small amount of tissue, new needles and needle forceps have been developed. Although there are no prospective comparative studies, the diagnostic efficiency of the new needles has some theoretical advantages. Among these needles, SonoTip EBUS ProFlex needles are made of nitinol that has potential to avoid bending or kinking when doing multiple passes. EchoTip ProCore needle has a potential advantage in obtaining histology specimen with its core trap characteristic and is 33% more flexibile than ViziShot. Needle forceps are designed to access easily into a lymph node when closed (needle) and to obtain larger biopsies when open (forceps). Efficacy and comparison of these needles and needle forceps are yet to be shown.
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